A CONTROVERSY has existed for many f years as to whether sympathetic denervation of the lower extremities increases the circulation in the skin by shunting the flow of blood from the muscle to the skin. This action was suggested by Biermant in 1941 after studies of the temperature of muscles in the lower extremities after lumbar synmpathectomy. Under these circumstances one might postulate that a sympathectomy would not effectively increase the flow of blood* in an extremity or aid in the development of collateral circulation. 
f years as to whether sympathetic denervation of the lower extremities increases the circulation in the skin by shunting the flow of blood from the muscle to the skin. This action was suggested by Biermant in 1941 after studies of the temperature of muscles in the lower extremities after lumbar synmpathectomy. Under these circumstances one might postulate that a sympathectomy would not effectively increase the flow of blood* in an extremity or aid in the development of collateral circulation.
This study was undertaken to investigate, under rigid measures of control, simultaneous changes in the temperature of skin and muscle before and after sympathectomy, together with the sweating patterns of patients who have peripheral arterial disease.
Method Skin Temperatures
All drugs were withheld for at least 12 hours before the test. The procedures used in determining temperatures of the skin and muscle were as follows. The patient fasted for 15 hours before the test. During the test he wore lightweight short pajamas and was in a supine position on a, comfortable bed in a room with a constant air temperature of 25 C. and a relative humidity of 40 per cent. The basal blood pressure, pulse rate, and metabolic rate were determined.
Muscle and Skin Temperatures
The patient, previously lying on his back. turned on excluded, the average age of the group was 62 years. Thus, the studies were carried out on older persons. Studies of the patients after performance of unilateral lumbar sympathectomy were divided into two groups: (1) 17 patients who had elevation of the temperature of the gastroenemius muscle and the skin of the sural region; and (2) nine patients who had no increase in the temperature of the gastroenemius muscle and the skin of the sural region.
The sweating patterns of all of these patients were divided into two groups: (1) anhidrosis of the entire lower extremity, from the inguinal region down, and (2) anhidrosis from the knee down. Anhidrosis of the entire extremity represents removal of the upper three lumbar ganglia, and anhidrosis of the leg from the knee down represents sympathetic denervation of the second and third lumbar sympathetic ganglia and rami.
Patients who had areas of spotty sweating Circulation, Volume XXIV, November 1961 over the entire extremity or irregular hydrotic areas were excluded, since no effect of the sympathetic denervation could be anticipated. Members of group 1 (table 1) are patients who had elevation of the temperature of the gastrocnemius muscle and of the skin of the sural region after unilateral lumbar sympathectomy. The average postoperative increase in temperature of the gastrocnemius muscle in 17 patients was 1.2 0., with a range from 1 to 2 C*. Also, the increase in the skin of the sural area averaged 1.2 C., with a range from 0 to 2 C. Figure 1 depicts the effects of lumbar ganglionectomy in a typical patient of this group. About 15 minutes was considered to be an adaptation period, and therefore the last, or most stable, temperature reading after a period of 20 minutes represents the temperature recorded in all tables. The average age of these 17 patients (excluding the 21-year-old woman and the 30-yearold man) was 61 years. Two patients had ulcers on their feet. There was a constant increase in the temperature of the muscle and sural region.
*In normal persons the gradient of temperature from the internal temperature of 37 C. is 33 to 35 C. for muscle temperature and 30 to 34 C. for skin temperature; thus the changes are not great and an increase of 1 to 2 C. indicates a significant change in temperature.
In contrast to the findings in the patients after sympathectomy, 10 patients similar to those in group 1 were given 5 mg. of nylidrin hydrochloride (arilidin) intramuscularly and intra-arterially. No change in skin or muscle temperature occurred. If sympathetic denervation of the lower extremities increased the circulation in the skin by shunting the flow of blood from the muscle to the skin, then a lowered or an unchanged temperature of the muscle should result, but instead, the temperatures of both the skin and muscle increased.
In these patients with severe arteriosclerosis, sympathectomy is carried out only to prevent impending gangrene or for the relief of pain; thus it was not possible to exercise these patients.
There remain some challenging problems to be attacked in this field, but at present the methods are not adequate for study of the circulation in man. The new electronic methods for the measurement of blood flow necessitate cutting down on an artery, an action which is not justifiable in man to determine the blood flow. Figure 1 Data from patient in group 1. Elevation of the temperature of the gastrocnemius muscle and sural skin area after left lumbar ganglionectomy is parallel. The area of anhidrosis (dark shaded) of the left lower extremity after sympathectomy corresponds to the effects of removal of the first, second, and third lumbar sympathetic ganglia.
The Sural Muscle and Skin Temperatures
The patients in group 1 were again divided into two groups on the basis of the type of sympathetic denervation performed: (1) surgical sympathectomy, and (2) chemical sympathectomy. No significant change in the increase in the temperature of the gastrocnemius muscle and sural skin after adequate surgical sympathectomy as opposed to a similar change after adequate chemical sympathectomy could be noted.
Members of group 2 (table 2) were nine patients who had no increase of temperature in the gastrocnemius muscle and skin of the sural region after unilateral lumbar sympathetic denervation. Three patients had ischemic ulcers on the toes. have been used to determine the flow of blood and each method has its own inherent error. Some confusion has arisen because the status of the individual has not been sufficiently controlled. We have learned that environmental temperature, position of the extremity, food, and the basal metabolic rate are important factors that exert effects on studies of the circulation. After sympathectomy a sweating test has been used to determine the completeness of the operation, particularly because of the variation in the distribution of the sympathetic nerves.
None of the patients reported upon in this series were suitable candidates for bypass arterial graft procedures because they had diffuse disease of the arteries. Likewise, lumbar sympathetic denervation could not be expected to produce marked vasodilatation; however, it would produce vasodilatation if a vasospastic component was present.
Most of the factors known to influence studies of temperature could be minimized by study of the patients under so-called basal conditions.
The symmetric difference between temperatures of the skin and in deep tissues in the extremities under normal conditions was found to be very small. Lippross3-5 found an average temperature difference in normal persons of symmetric points of only 0.2 C. He also could demonstrate in a large series of cases that the temperature in repeated examinations within days or weeks under basal conditions in the same person, without marked progressive occlusive arterial disease, remained within the same range.
In the 26 patients who had diffuse occlusive arterial disease studied in this series, lumbar sympathectomy was thought to be the treatment of choice. The separation into two groups was based on temperatures of the skin and muscle in the sural region after performance of unilateral lumbar sympathectomy. In group 1, which consisted of 17 the skin of the sural area was unchanged after unilateral sympathectomy. Since none of these patients were suitable for surgical bypass arterial-grafting procedures and all were in the older age group, not too much could be expected from the standpoint of an increase in temperature. However, when the temperature of the skin after operation increased, the temperature of the gastroenemius muscle also increased.
